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ABSTRACT

A method of vapor-diffusing impurities into a diffusion
region of a target substrate to be processed using a dummy
substrate is provided. The method includes loading the target
substrate and the dummy substrate in a substrate loading jig,
accommodating the substrate loading jig loaded with the
target substrate and the dummy substrate in a processing
chamber of a processing apparatus, and vapor-diffusing
impurities into the diffusion region of the target substrate in
the processing chamber having the accommodated substrate
loading jig. The vapor-diffused impurities are boron, an
outer surface of the dummy substrate includes a material
having properties not allowing boron adsorption.

11 Claims, 12 Drawing Sheets
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FIG. 7
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FIG. 11A
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FIG. 13
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1
METHOD OF VAPOR-DIFFUSING
IMPURITIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent
Application Nos. 2012-168724 and 2013-101309, filed on
Jul. 30, 2012 and May 13, 2013, respectively, in the Japan
Patent Office, the disclosure of which is incorporated herein
in their entirety by reference.

TECHNICAL FIELD

The present disclosure relates to a method of vapor-
diffusing impurities.

BACKGROUND

In a batch type heat processing apparatus, a heat process-
ing method using a dummy wafer is used in order to
maintain high in-plane uniformity and inter-plane unifor-
mity and high reproducibility of heat processing even when
an empty region where target substrates for processing are
not loaded exists.

In the method, when there is an empty region, product
wafers are maintained in a position biased upstream of a
flow of processing gas while a dummy wafer is held in a
position of directly downstream of the product wafer group.
As a result, high in-plane and inter-plane uniformity may be
obtained and high reproducibility of heat processing can be
maintained even when there is an empty region.

Recently, with miniaturization of transistors, there is a
need to more precisely control the amount of impurities
being introduced. In the past, a minute variation of the
amount of impurities being introduced has not presented a
problem until now. However, if transistors were to be further
miniaturized, even a slight variation of the amount of
impurities being introduced may present a problem, for
example, in a deviation of work function or a deviation of
resistance value.

To use a dummy of a substrate to be processed, a so-called
dummy wafer in a batch type heat processing apparatus is
one of several effective methods for more precisely control-
ling the amount of introduced impurities. Through the use of
a dummy wafer, it is possible to improve the in-plane
uniformity of the amount of introduced impurities and the
inter-plane uniformity between a plurality of product wafers
of batch processing units, when compared with when the
dummy wafer is not used.

However, in a case where impurities such as boron are
vapor-diffused while the dummy wafer is used in the batch
type heat processing apparatus, it was confirmed that
although being very small, the amount of boron introduced
into a product wafer was increased whenever the vapor
diffusion was repeated. Accordingly, the use of a dummy
wafer presented a new problem that it is difficult to obtain
stability of the amount of introduced impurities between
batch processing units.

SUMMARY

The present disclosure provides a method of diffusing
impurities capable of obtaining stability of the amount of
introduced impurities between batch processing units even
in a case a dummy of a substrate to be processed is used.
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According to the present disclosure, a method of vapor-
diffusing impurities into a diffusion region of a target
substrate to be processed using a dummy substrate, includes:
loading the target substrate and the dummy substrate in a
substrate loading jig; accommodating the substrate loading
jig loaded with the target substrate and the dummy substrate
in a processing chamber of a processing apparatus; and
vapor-diffusing impurities into the diffusion region of the
target substrate in the processing chamber having the
accommodated substrate loading jig, wherein, when the
vapor-diffused impurities are boron, an outer surface of the
dummy substrate includes a material having properties not
allowing boron adsorption.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the present disclosure, and together with the
general description given above and the detailed description
of the embodiments given below, serve to explain the
principles of the present disclosure.

FIGS. 1A and 1B are sectional views showing an example
of preparing a monitor wafer.

FIG. 2 is a sectional view showing an example of loading
monitor wafers and dummy wafers onto a wafer boat.

FIG. 3 is a timing chart showing an example of a process
recipe without oxygen gas purge.

FIG. 4 is a timing chart showing an example of a process
recipe with oxygen gas purge.

FIG. 5 is a sectional view showing an example of a silicon
dummy wafer.

FIG. 6 is a sectional view showing an example of a silicon
oxide dummy wafer.

FIG. 7 is a view showing an evaluation result of Evalu-
ation Example 1.

FIG. 8 is a view showing an evaluation result of Evalu-
ation Example 2.

FIG. 9 is a view showing an evaluation result of Evalu-
ation Example 3.

FIG. 10 is a view showing an evaluation result of Evalu-
ation Example 4.

FIGS. 11A to 11D are sectional views showing an
example of a model of auto doping.

FIG. 12 is a view showing a result of examination of
surface composition of a silicon dummy wafer after boron
vapor diffusion.

FIG. 13 is a view showing a result of examination of
surface composition of a silicon oxide dummy wafer after
boron vapor diffusion.

FIG. 14 is a timing chart showing an example of a process
recipe of Evaluation Example 4.

FIG. 15 is a sectional view schematically showing an
example of a batch type vertical heat processing apparatus
capable of performing the method of diffusing impurities
according to the first embodiment.

FIG. 16 is a sectional view showing an example of a
quartz substrate used as a dummy wafer.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments, examples of which are illustrated in the accompany-
ing drawings. In the following detailed description, numer-
ous specific details are set forth in order to provide a
thorough understanding of the present disclosure. However,
it will be apparent to one of ordinary skill in the art that the
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present disclosure may be practiced without these specific
details. In other instances, well-known methods, procedures,
systems, and components have not been described in detail
s0 as not to unnecessarily obscure aspects of the various
embodiments.

First Embodiment
Preparation of Monitor Wafer

A monitor wafer simulating a product wafer is prepared.
FIG. 1A and FIG. 1B are sectional views showing an
example of preparing a monitor wafer. First of all, as shown
in FIG. 1A, after a silicon oxide film 2 is formed on a silicon
substrate 1, a non-doped amorphous silicon film 3 having a
film thickness of 20 nm is formed by CVD using monosilane
or disilane as a raw material gas.

Subsequently, as shown in FIG. 1B, the non-doped amor-
phous silicon film 3 is subjected to annealing at a tempera-
ture of 850 degrees C. for 30 minutes under a nitrogen
atmosphere, and then, the non-doped amorphous silicon film
3 is crystallized, whereby a non-doped poly silicon film 3a
is formed. In this way, a monitor wafer MW is prepared.

In the first embodiment, impurities such as boron are
vapor-diffused into the non-doped poly silicon film 3a of the
monitor water MW. The non-doped poly silicon film 3a is a
diffusion region into which impurities are diffused.
<Cleaning of Monitor Wafer>

Before the vapor diffusion is performed, the monitor
wafer MW is sufficiently cleaned. For this purpose, first, the
monitor wafer MW is cleaned with dilute hydrofluoric acid
having a concentration of 1% for 3 minutes. Then, the
monitor wafer MW is washed with water for 10 minutes to
sufficiently wash the dilute hydrofluoric acid away. There-
after, the monitor wafer MW is washed with water for 10
minutes again. Subsequently, the monitor wafer MW is
spin-dried for 10 minutes. Within 10 minutes after being
spin-dried, the monitor wafer MW is loaded on a wafer boat
and then is placed in a processing chamber of a heat
processing apparatus.

As described above, before boron is vapor-diffused, the
monitor wafer MW is sufficiently cleaned, and a period of
time from the cleaning to the accommodation in the pro-
cessing chamber is managed (i.e., the growth of a native
oxide film is managed), thereby improving the precision and
reliability in monitor evaluation, which will be described.
<Loading Monitor Wafer and Dummy Wafer>

FIG. 2 is a sectional view showing an example of monitor
wafers and dummy wafers loaded on a wafer boat.

In the first embodiment, a plurality of the monitor wafers
MW is prepared. As shown in FIG. 2, the plurality of
monitor wafers MW that are sufficiently cleaned are loaded
on a wafer boat WB of a substrate loading jig, which are
stacked in a height direction. The height direction is a
direction perpendicular to the horizontal direction, for
example. Further, a plurality of dummy wafers DW is loaded
in the wafer boat WB DW in addition to the plurality of
monitor wafers MW. As a loading example, FIG. 2 shows an
example that the plurality of monitor wafers MW are loaded
in an upper part of the wafer boat WB while the plurality of
dummy wafers DW are loaded in a lower part of the wafer
boat WB.

In this manner, the plurality of monitor wafers MW and
the plurality of dummy wafers DW loaded on the wafer boat
WB are accommodated in the processing chamber, and
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boron is vapor-diffused into the non-doped poly silicon films
3a of the respective monitor wafers MW in the processing
chamber at the same time.
<Evaluation of Monitor Wafer>

In order to evaluate the monitor wafers, the following four
examples are performed.

Evaluation Example 1

Vapor Diffusion Temperature: 700 degrees C.

Vapor Diffusion Time: 60 minutes

Dummy Wafer: Silicon Dummy Wafer

Oxygen Gas Purge: Not performed

Under the above conditions, the boron vapor diffusion
was consecutively performed on five batch processing units
Run 1 to Run 5, and the dose amount of boron of the
non-doped poly silicon film 3a was measured for each of the
five batch processing units. In addition, while the silicon
dummy wafers are not replaced, the monitor wafers MW
were replaced for each batch processing unit.

Evaluation Example 2

Vapor Diffusion Temperature: 700 degrees C.

Vapor Diffusion Time: 60 minutes

Dummy Wafer: Silicon Dummy Wafer

Oxygen Gas Purge: Performed

Under the above conditions, the boron vapor diffusion
was consecutively performed on three batch processing units
Run 1 to Run 3, and the dose amount of boron of the
non-doped poly silicon film 3a was measured for each of the
three batch processing units. In addition, while the silicon
dummy wafers are not replaced, the monitor wafers MW
were replaced for each batch processing unit.

Evaluation Example 3

Vapor Diffusion Temperature: 700 degrees C.

Vapor Diffusion Time: 60 minutes

Dummy Wafer: Silicon Oxide Dummy Wafer

Oxygen Gas Purge: Performed

Under the above conditions, the boron vapor diffusion
was consecutively performed on five batch processing units
Run 1 to Run 5, and the dose amount of boron of the
non-doped poly silicon film 3a was measured for each of the
five batch processing units. In addition, while the silicon
oxide dummy wafers are not replaced, the monitor wafers
MW were replaced for each batch processing unit.

Evaluation Example 4

Vapor Diffusion Temperature: 700 degrees C.

Vapor Diffusion Time: 20 minutes

Dummy Wafer: Silicon Oxide Dummy Wafer

Oxygen Gas Purge: Not performed

Under the above conditions, the boron vapor diffusion
was consecutively performed on five batch processing units
Run 1 to Run 5, and the dose amount of boron of the
non-doped poly silicon film 3a was measured for each of the
five batch processing units. In addition, while the silicon
oxide dummy wafers are not replaced, the monitor wafers
MW were replaced for each batch processing unit.
<Process Recipe without Oxygen Gas Purge>

An example of a timing chart of a process recipe without
oxygen gas purge is shown in FIG. 3.

As shown in FIG. 3, first, at a time t0, the wafer boat WB
loaded with the monitor wafers MW and the dummy wafers
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DW is accommodated in the processing chamber. A load
temperature when the wafer boat WB is accommodated is
set, for example, to 400 degrees C.

Next, at a time t1, the processing chamber is vacuated by
dropping the pressure in the processing chamber from
atmospheric pressure.

Then, at a time 12, a flow rate of inert gas, e.g., a flow rate
of nitrogen (N,) gas in this example, which is supplied into
the processing chamber, is set to 650 sccm, and the pressure
in the processing chamber is increased from the vacuum
pressure to 9310 Pa (about 70 Torr: 1 Torr is about 133 Pa).

Then, at a time t3, if the pressure in the processing
chamber reaches 9310 Pa, the temperature in the processing
chamber is allowed to increase from 400 degrees C.up to a
vapor diffusion temperature of 700 degrees C. at a tempera-
ture increase rate of 10 degrees C./min.

Then, at a time t4, if the temperature in the processing
chamber reaches 700 degrees C., the pressure in the pro-
cessing chamber is allowed to drop from 9310 Pa to 5998 Pa
(about 45.1 Torr).

Then, at a time t5, if the pressure in the processing
chamber reaches 5998 Pa, impurity source gas, e.g., boron
trichloride (BCl;) gas in this example, is allowed to flow into
the processing chamber at a flow rate of 1 sccm. In this
manner, the boron vapor diffusion process is initiated.

Then, at a time 16, if the expected processing time of the
boron vapor diffusion, e.g., 60 minutes in this example,
elapses, the supply of the boron trichloride gas is stopped,
and the boron vapor diffusion process is terminated. In
addition, simultaneously with the termination of the boron
vapor diffusion process, the processing chamber is vacuated
by dropping the pressure in the processing chamber from
5998 Pa.

Then, at a time t7, the processing chamber is allowed to
be supplied with nitrogen gas again, and simultaneously, the
pressure in the processing chamber is allowed to increase
from the vacuum pressure to 133 Pa (about 1 Torr).

Then, at a time t8, if the pressure in the processing
chamber reaches 133 Pa, the temperature in the processing
chamber is allowed to decrease from 700 degrees C. to an
unload temperature, for example, of 400 degrees C.

Then, at a time 19, if the temperature in the processing
chamber reaches 400 degrees C., the pressure in the pro-
cessing chamber is allowed to decrease to 133 Pa, thereby
vacuating the interior of the processing chamber.

Then, at a time t10, the pressure in the processing cham-
ber is allowed to increase from the vacuum pressure to
atmospheric pressure.

Then, at a time t11, if the pressure in the processing
chamber reaches the atmospheric pressure, the wafer boat
WB loaded with the monitor wafers MW and the dummy
wafers DW is unloaded from the processing chamber.

In this way, the vapor diffusion processing on the monitor
wafers MW based on an example of the process recipe
without oxygen gas purge is terminated.
<Process Recipe with Oxygen Gas Purge>

An example of a timing chart of a process recipe with an
oxygen gas purge is shown in FIG. 4.

As shown in FIG. 4, the process recipe with an oxygen gas
purge is equal to the process recipe without an oxygen gas
purge until the time t6. The oxygen gas purge processing is
added after the time t6.

First, at a time t12 after the time t6, the pressure in the
processing chamber is allowed to increase from the vacuum
pressure to 133 Pa, and at the same time, the processing
chamber is allowed to be supplied with nitrogen gas at a flow
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rate of 1000 sccm. Accordingly, the interior of the process-
ing chamber is purged with the nitrogen gas.

Then, at a time t13, if the expected processing time of
nitrogen gas purge elapses, the supply of the nitrogen gas is
stopped, and at the same time, the processing chamber is
allowed to be supplied with oxygen (O,) gas at a flow rate
of 1000 sccm. Accordingly, the interior of the processing
chamber is purged with the oxygen gas.

Then, at a time t14, if the expected processing time of the
oxygen gas purge, e.g., five minutes in this example, elapses,
the supply of the oxygen gas is stopped, and at the same
time, the pressure in the processing chamber is allowed to
decrease from 133 Pa to vacuumize the interior of the
processing chamber.

Then, at a time t7, the processing chamber is supplied
with nitrogen gas again, and simultaneously, the pressure in
the processing chamber is allowed to increase from the
vacuum pressure to 133 Pa (about 1 Torr). The processes
thereafter are the same as those from the time t8 to the time
t11 of the process recipe without an oxygen gas purge.
<Silicon Dummy Wafer and Silicon Oxide Dummy Wafer>

FIG. 5 is a sectional view showing an example of a silicon
dummy wafer, and FIG. 6 is a sectional view showing an
example of a silicon oxide dummy wafer.

As shown in FIG. 5, in a silicon dummy wafer DW (Si),
anon-doped amorphous silicon film 11 is formed on an outer
surface of a silicon substrate 10. The non-doped amorphous
silicon film 11 is formed by CVD using monosilane or
disilane as a raw material gas, for example, like the non-
doped amorphous silicon film 3 of the monitor wafer MW.

In addition, as shown in FIG. 6, in a silicon oxide dummy
wafer DW (Si0,), a silicon oxide film 12 is formed on an
outer surface of the silicon substrate 10. The silicon oxide
film 12 is formed on the outer surface of the silicon substrate
10 by CVD, for example, using TEOS (tetracthoxysilane) as
a raw material gas or is formed by thermal oxidation of the
outer surface of the silicon substrate 10.
<Evaluation Result>

Results of Evaluation Examples 1 to 4 are shown in FIGS.
7 to 10.

Result of Evaluation Example 1

FIG. 7 shows a result of Evaluation Example 1. As shown
in FIG. 7, in Evaluation Example 1, the dose amount of
boron in the non-doped poly silicon film 3« is increased as
the boron vapor diffusion is repeatedly performed on the
initial batch processing unit Run 1, the second batch pro-
cessing unit Run 2, . . . and the fifth batch processing unit
Run 5.

In the evaluation result shown in FIG. 7, the dose amount
of boron is increased from 1.36x10* atoms/cm? in the batch
processing unit Run 1 up to 1.95x10* atoms/cm” in the
batch processing unit Run 5.

Herein, the dose amount of boron is defined as the number
of boron atoms per 1 cm?. Intensity of X-ray fluorescence of
boron in the non-doped poly silicon film 3a after the boron
vapor diffusion was performed is measured using X-ray
fluorescence analysis (XRF), and then the number of boron
atoms was obtained from the measured intensity of X-ray
fluorescence.

Result of Evaluation Example 2
FIG. 8 shows a result of Evaluation Example 2.

As shown in FIG. 8, like the Evaluation Example 1, the
dose amount of boron in the non-doped poly silicon film 3a
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is increased as the boron vapor diffusion is repeatedly
performed on the initial batch processing unit Run 1, the
second batch processing unit Run 2, and the third batch
processing unit Run 3, in Evaluation Example 2.

In the evaluation result shown in FIG. 8, the dose amount
of boron is increased from 1.24x1°'* atoms/cm? in the batch
processing unit Run 1 up to 2.03x1°** atoms/cm? in the
batch processing unit Run 3.

In addition, Evaluation Examples 1 and 2 are different in
whether or not the oxygen gas purge is performed. Although
the in-plane uniformity of the dose amount of boron in
Evaluation Example 1 in which the oxygen gas purge was
not performed was 7.8 to 10.2%, the in-plane uniformity of
the dose amount of boron in Evaluation Example 2 in which
the oxygen gas purge was performed was 4.2 to 6.4%. It
could be seen from the result that the oxygen gas purge
caused an improvement of the in-plane uniformity of the
dose amount of boron.

Also, Evaluation Examples 1 and 2 are the same in that
the silicon dummy wafer DW (Si) shown in FIG. 5 is used
as the dummy wafer DW. If the silicon dummy wafer DW
(Si) is used, the dose amount of boron of the non-doped poly
silicon film 3a tends to increase as the boron vapor diffusion
is repeatedly performed.

On the basis of this knowledge, the dummy wafer DW
was replaced with the silicon oxide dummy wafer DW
(8i0,) shown in FIG. 6 and then the evaluation was con-
tinued.

Result of Evaluation Example 3

FIG. 9 shows a result of Evaluation Example 3.

As shown in FIG. 9, in Evaluation Example 3 in which the
silicon oxide dummy wafer DW (SiO,) was used as the
dummy wafer DW, as compared with Evaluation Examples
1 and 2, the dose amount of boron in the non-doped poly
silicon film 3a was stabilized over the initial batch process-
ing unit Run 1, the second batch processing unit Run 2, and
the third batch processing unit Run 3.

In the evaluation result shown in FIG. 9, the dose amount
of boron was stabilized as follows:

Batch Processing Unit Run 1: 3.64x10'* atoms/cm?

Batch Processing Unit Run 2: 3.87x10'* atoms/cm®

Batch Processing Unit Run 3: 3.87x10'* atoms/cm®

By using the silicon oxide dummy wafer DW (SiO,) as
the dummy water DW in this way, it is possible to obtain the
stabilization of the amount of introduced impurities, e.g., the
dose amount of boron in this example, between the batch
processing units Run 1 to Run 3.

In addition, the in-plane uniformity of the dose amount of
boron was in a range of 0.9 to 2.7% and was more improved
as compared with Evaluation Example 2 in which the
oxygen gas purge is performed.

Also, although the boron vapor diffusion was performed
under the same processing conditions as Evaluation
Examples 1 and 2, i.e., at a vapor diffusion temperature of
700 degrees C. for a vapor diffusion time of 60 minutes, the
dose amount of boron of the initial batch processing unit
Run 1 increases about three times as compared with Evalu-
ation Examples 1 and 2.

As a result of the Evaluation Example 3, in conclusion,
considering that the dose amount of boron is stabilized
between the batch processing units and that the dose amount
of boron is increased under the same vapor diffusion con-
ditions, it is possible to speculate that auto doping due to the
silicon dummy wafer DW (Si) occurs in the processing
chamber.
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FIGS. 11A to 11D are sectional views showing an
example of a model of auto doping.

As shown in FIGS. 11A and 11B, if the boron vapor-
diffusion is performed to the initial batch processing unit
Run 1, boron 13 is adsorbed onto the surface of the silicon
dummy wafer DW (Si).

Then, as shown in FIGS. 11C and 11D, if the silicon
dummy water DW (Si) having the boron 13 adsorbed thereto
is used in the next batch processing unit Run 2 as it is, some
of the boron 13 escape from the surface of the silicon
dummy wafer DW (Si), and the escaped boron 13 is intro-
duced into the non-doped poly silicon film 3a of the monitor
wafer MW.

In this way, the boron 13 escaping from the surface of the
silicon dummy wafer DW (Si) is again added to the impurity
source gas such as boron trichloride gas supplied into the
processing chamber, so that the dose amount of boron of the
non-doped poly silicon film 3a in the batch processing unit
Run 2 is increased as compared with the previous batch
processing unit Run 1.

In regard to the auto doping due to the silicon dummy
wafer DW (S1), it can be thought that no auto doping occurs
in the silicon oxide dummy wafer DW (Si0,) since no boron
is adsorbed onto a surface thereof.

Therefore, surface compositions of the silicon dummy
wafer and the silicon oxide dummy wafer after the boron
vapor diffusion were examined using X-ray photoelectron
spectroscopy (XPS).

FIG. 12 is a view showing a result of examination of
surface composition of a silicon dummy wafer after boron
vapor diffusion, and FIG. 13 is a view showing a result of
examination of surface composition of a silicon oxide
dummy wafer after boron vapor diffusion.

As shown in FIG. 12, the silicon dummy wafer DW (Si)
after the boron vapor diffusion had a surface composition of
83.9% boron, 12.0% silicon, and 4.1% oxygen. In this way,
it can be seen that a ratio of boron to silicon of the surface
of'the silicon dummy wafer DW (Si) is about 7:1, and almost
all the surface is covered with boron.

On the other hand, as shown in FIG. 13, the silicon oxide
dummy wafer DW (SiO,) after the boron vapor diffusion
had a surface composition of 34.7% silicon and 65.3%
oxygen, and no boron was detected. That is, it can be seen
that the outer surface of the silicon oxide dummy wafer DW
(S10,) is covered with the silicon oxide film 12 and no boron
is adsorbed onto the surface of the silicon oxide film 12. In
other words, the silicon oxide film 12 is a film having
properties allowing boron not to be adsorbed thereto.

Therefore, using the silicon oxide dummy wafer DW
(Si0,) as the dummy wafer DW in the boron vapor-diffu-
sion, like Evaluation Example 3, makes it possible to
prevent the auto doping by using the dummy wafer DW. As
a result, it is possible to obtain a method of diffusing
impurities which may provide stability of the amount of
introduced impurities between the batch processing units
even when the dummy wafer DW is used.

Further, in Evaluation Example 3, boron contained in the
impurity source gas such as boron trichloride gas supplied
into the processing chamber is not consumed by the adsorp-
tion onto the surface of the silicon dummy wafer DW (Si).
Accordingly, at the same time, it is possible to also obtain an
effect that the dose amount per unit time of boron introduced
into the non-doped poly silicon film 3a can be increased.

Result of Evaluation Example 4

In Evaluation Example 4, the following Considerations
(1) and (2) were additionally performed on Evaluation
Example 3 based on the knowledge from Evaluation
Example 3.
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Consideration (1): Considering that a good in-plane uni-
formity of the dose amount of boron is obtained in Evalu-
ation Example 3, is it possible to obtain the good in-plane
uniformity without the oxygen gas purge?

Consideration (2): Considering that the dose amount of
boron per unit time is increased in Evaluation Example 3, is
it possible to reduce the processing time of the boron vapor
diffusion?

FIG. 14 shows an example of a process recipe of Evalu-
ation Example 4.

As shown in FIG. 14, considerations (1) and (2) are
employed to reduce the boron vapor diffusion time to 20
minutes while no oxygen gas purge is performed, in Evalu-
ation Example 4.

In addition, times t0 to t11 in FIG. 14 correspond to the
times t0 to t11 described with reference to FIG. 3.

FIG. 10 shows a result of Evaluation Example 4.

As shown in FIG. 10, like Evaluation Example 3, the dose
amount of boron of the non-doped poly silicon film 3a is
stable between the batch processing units Run 1 to Run 5 in
Evaluation Example 4.

Specifically, the dose amount of boron is as follows:

Batch Processing Unit Run 1: 1.53x10'* atoms/cm®

Batch Processing Unit Run 2: 1.53x10'* atoms/cm®

Batch Processing Unit Run 3: 1.45x10'* atoms/cm?

Batch Processing Unit Run 4: 1.47x10'* atoms/cm®

Batch Processing Unit Run 5: 1.47x10'* atoms/cm?

In addition, the in-plane uniformity of the dose amount of
boron is 1.1 to 2.2%, and even though the oxygen gas purge
is not performed, good in-plane uniformity is obtained as in
Evaluation Example 3.

Accordingly, the oxygen gas purge is not unnecessary, and
it is also possible to perform the oxygen gas purge in the
same way as Evaluation Example 3 in order to obtain the
better in-plane uniformity. On the contrary, for example,
when reducing the processing time is needed in order to
improve the throughput, it has been proven in Evaluation
Example 4 that the oxygen gas purge can be omitted as in
Evaluation Example 4. That is, it is possible to appropriately
select whether or not to perform the oxygen gas purge.

Further, the vapor diffusion in Evaluation Example 4 was
performed under the processing conditions of a vapor dif-
fusion temperature of 700 degrees C. and a vapor diffusion
time of 20 minutes as compared with Evaluation Examples
1 to 3 in which the vapor diffusion was performed at a vapor
diffusion temperature of 700 degrees C. for a vapor diffusion
time of 60 minutes. In this case, the vapor diffusion time was
reduced to %4. In Evaluation Example 4, the dose amount of
boron is 1.45x10™ atoms/cm?® to 1.53x10'* atoms/cm?,
which is a value equal to or more than that of the initial batch
processing unit Run 1 of Evaluation Examples 1 and 2 in
which the vapor diffusion time is 60 minutes.

In Evaluation Example 4, since the silicon oxide dummy
wafer DW (Si0O,) is used as the dummy wafer DW when
boron vapor-diffusion is performed, it is possible to stabilize
the dose amount of boron of the non-doped poly silicon film
3a between the batch processing units Run 1 to Run 5 as in
Evaluation Example 3.

In addition, since the silicon oxide dummy wafer DW
(Si0,) is used, even though the oxygen gas purge is omitted,
it is possible to maintain the good in-plane uniformity of the
dose amount of boron.

Also, since no boron is adsorbed onto the silicon oxide
dummy wafer DW (SiO,) and thus no boron is consumed in
the dummy wafer DW, it is possible to improve the dose
amount of boron per unit time.
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Accordingly, the vapor diffusion time for obtaining the
desired dose amount of boron may be reduced as compared
with Evaluation Examples 1 and 2 in which the silicon
dummy wafer DW (Si) is used. As such, the throughput of
the vapor diffusion processing may be improved. In addi-
tion, as described above, if the oxygen gas purge is omitted,
it is also possible to obtain more improved throughput.

Second Embodiment

A second embodiment relates to a processing apparatus
configured to perform the method of diffusing impurities in
accordance with the first embodiment.

FIG. 15 is a sectional view schematically showing an
example of a batch type vertical heat processing apparatus
capable of performing the method of diffusing impurities in
accordance with the first embodiment.

As shown in FIG. 15, a batch type vertical heat processing
apparatus (hereinafter, referred to as a heat processing
apparatus) 100 has a cylindrical outer wall 101 having a
ceiling. The outer wall 101 is made, for example, of quartz,
and the interior of the outer wall 101 is defined as a
processing chamber 102, in which a plurality of objects to be
processed are accommodated and a heat processing is per-
formed in a batch. In this example, a semiconductor wafer
W such as a silicon wafer is illustrated as an example of the
object to be processed, and the batch heat processing, e.g.,
the vapor diffusion processing of impurities in this example,
on the semiconductor wafers W is performed in the pro-
cessing chamber 102. An example of the impurity may be
boron as described in the first embodiment. In addition, the
semiconductor wafer W corresponds to the monitor wafer
MW described in the first embodiment.

A lower end of the outer wall 101 is defined by an
opening, and a cylindrical manifold 103 is connected to the
opening. The manifold 103 is made, for example, of stain-
less steel. The lower end of the outer wall 101 and an upper
end of the manifold 103 are connected to each other via a
seal member 104 such as an O-ring. A lower end of the
manifold 103 is defined as an opening, through which a
wafer boat WB is inserted into the processing chamber 102.
The wafer boat WB is made, for example, of quartz and has
a plurality of pillars 105. Each of the pillars 105 has grooves
(not shown) formed therein, and a plurality of the semicon-
ductor wafers W and, for example, a plurality of the silicon
oxide dummy wafers DW (SiO,) is supported by the grooves
together. In this manner, the wafer boat WB can allow a
plurality of sheets, for example 50 to 150 sheets, of the
semiconductor wafers W and silicon oxide dummy wafers
DW (Si0,) to be loaded in a multistage manner.

The wafer boat WB is mounted on a table 107 via a heat
insulation container 106 made of quartz. The table 107 is
supported on a rotating shaft 109 extending through a lid
portion 108 made of, for example, stainless steel. The lid
portion 108 opens and closes the lower end opening of the
manifold 103. A part of the lid portion 108 through which the
rotating shaft 109 extends, for example, is equipped with a
magnetic fluid seal 110 to air-tightly seal and rotatably
support the rotating shaft 109. In addition, a sealing member
111 such as an O-ring is mounted between a periphery of the
lid portion 108 and the lower end of the manifold 103 to
maintain sealing in the processing chamber 102. The rotat-
ing shaft 109 is mounted to a leading end of an arm 112
supported by a lift mechanism (not shown) such as a boat
elevator. With this configuration, the wafer boat WB, the lid
portion 108 and the like are lifted up or down in the vertical
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direction together so that they can be inserted into or
separated from the processing chamber 102.

An exhaust pipe 113 is connected to the ceiling of the
outer wall 101. The exhaust pipe 113 is connected to an
exhaust device 114. The exhaust device 114 includes a
vacuum pump or the like (not shown) and serves to allow the
gas used in the heat processing to be exhausted from the
interior of the processing chamber 102 and also to adjust the
pressure in the processing chamber 102 to a pressure suit-
able for the processing.

A heating device 115 is provided outside the outer wall
101 to surround the processing chamber 102. The heating
device 115 adjusts the temperature in the processing cham-
ber 102 to a temperature suitable for the processing and
heats the objects to be processed, i.e., the plurality of the
semiconductor wafers W in this example.

The heat processing apparatus 100 has a processing gas
supply mechanism 130 for supplying gases used in the heat
processing to the processing chamber 102.

In this example, the processing gas supply mechanism
130 includes an impurity source gas supplier 131a, and an
inert gas supplier 1315. In this example, boron trichloride
(BCl,) gas is used as the impurity source gas. In addition,
nitrogen (N,) gas is used as the inert gas. The impurity
source gas is used in the vapor diffusion processing
described in the first embodiment, whereas the inert gas is
used as a purge gas for the purge process, or as a dilution gas
in the vapor diffusion processing.

The impurity source gas supplier 131a is connected to a
gas supply port 134a via a mass flow controller (MFC) 1324
and an opening/closing valve 133a. In the same manner, the
inert gas supplier 1315 is connected to a gas supply port
13454 via a mass flow controller (MFC) 1325 and an opening/
closing valve 1335. Each of the gas supply ports 134a and
1345 is formed to extend through a sidewall of the manifold
103 in the horizontal direction and diffuse the supplied gas
toward the interior of the processing chamber 102 above the
manifold 103.

A control unit 150 is connected to the heat processing
apparatus 100. The control unit 150 includes a process
controller 151 implemented with, e.g., a microprocessor
(computer), which controls each component of the heat
processing apparatus 100. A user interface 152 and a
memory unit 153 are connected to the process controller
151.

The user interface 152 is provided with an input unit
including a keyboard or a touch panel display for an operator
to perform an input operation of commands and the like to
manage the heat processing apparatus 100, and a display unit
including a display for visualizing and displaying the oper-
ating status of the heat processing apparatus 100.

The memory unit 153 stores a so-called process recipe
including a control program for implementing various kinds
of processing performed in the heat processing apparatus
100 by the control of the process controller 151 and a
program for performing the processes in the respective
components of the heat processing apparatus 100 under
particular processing conditions. The storage medium may
be a portable memory, such as a CD-ROM, DVD, or flash
memory, as well as a hard disk or semiconductor memory.
In addition, the process recipe may be suitably transmitted
from other units, for example, through a dedicated line.

The process recipe, if necessary, is read from the memory
unit 153 by operator’s instructions or the like from the user
interface 152, and the processing pursuant to the read
process recipe is performed by the process controller 151, so
that the required processing is performed in the heat pro-
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cessing apparatus 100 by the control of the process control-
ler 151. In this example, under the control of the process
controller 151, the method of diffusing impurities described
in the first embodiment is performed in the heat processing
apparatus 100. In this example, the processing gas supply
mechanism 130 has no oxygen gas supplier. Therefore, the
heat processing apparatus 100 shown in FIG. 15 performs
the processing in accordance with Evaluation Example 4 of
the first embodiment. Especially, although not shown, if the
processing gas supply mechanism 130 is provided with the
oxygen gas supplier, the processing in accordance with the
Evaluation Example 3 of the first embodiment can be
performed.

The method of diffusing impurities in accordance with the
first embodiment may be performed, for example, in the
batch type vertical heat processing apparatus 100 as shown
in FIG. 15.

Although the present disclosure has been described
according to the first and second embodiments, the present
disclosure is not limited to the first and second embodi-
ments, and various modifications may be made within the
scope without departing from the spirit of the present
disclosure.

For example, although the processing conditions have
been specifically exemplified in the first embodiment, the
processing conditions are not limited to the aforementioned
specific examples but may be suitably modified.

Further, although the batch type vertical heat processing
apparatus has been exemplified in the second embodiment,
the method of diffusing impurities according to the first
embodiment may be performed in batch type film forming
apparatuses other than the vertical type.

In addition, although the non-doped poly silicon film 3a
has been exemplified as a diffusion region where the diffu-
sion of impurities occurs, i.e., a film into which impurities
are diffused, in the first embodiment, the film where the
diffusion of impurities occurs may be not only a non-doped
amorphous silicon film but also a non-doped single crystal
silicon film.

When the diffusion region is, for example, a semiconduc-
tor material such as silicon, the semiconductor material may
be in either an “amorphous” state or a “crystalline” state. In
addition, when a semiconductor material is in a “crystalline”
state, the “crystal” may be either “single crystal” or “poly
crystal.”

In addition, the diffusion region is also not limited to a
non-doped material, and may be material containing impu-
rities therein. In this case, impurities are further diffused into
the diffusion region.

Further, the diffusion region is not limited to a film such
as the non-doped poly silicon film 34, and a substrate to be
processed itself, for example, the semiconductor wafer W
(the silicon substrate 1) itself may be the diffusion region.

Furthermore, in the first embodiment, the silicon oxide
dummy wafers DW (SiO,) having the outer surface covered
with the silicon oxide film was used as the dummy wafer
DW. However, the dummy wafer DW is not limited to the
dummy wafer having the outer surface covered with the
silicon oxide film. As the dummy wafer DW, any kind of
dummy wafers can enjoy the same advantages as aforemen-
tioned in the first embodiment, if it has an outer surface
covered with a film having properties not allowing boron
adsorption thereto. That is, even though the dummy wafer
DW is used in the vapor diffusion of boron, it is possible to
stabilize the amount of introduced impurities between batch
processing units.
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A material of which the film having properties not allow-
ing boron adsorption is made thereto may include, for
example nitride in addition to the oxide described in the first
embodiment.

An example of the oxide may include, for example, metal
oxide, in addition to the silicon oxide described in the first
embodiment.

An example of the nitride may include silicon nitride.

In addition, although the silicon substrate 10 was used as
the substrate of the dummy wafer DW in the first embodi-
ment, a SiC substrate, a compound semiconductor substrate
or the like may be used in addition to the silicon substrate 10.
In such a case, the outer surface of the non-silicon substrate
such as a SiC substrate or a compound semiconductor
substrate is covered with a film having properties not
allowing boron adsorption thereto. To this end, for example,
an oxide (e.g., CVD silicon oxide and CVD metal oxide) or
a nitride (e.g., CVD silicon nitride) is deposited on the outer
surface of the substrate other than the silicon substrate. In
this way, the outer surface of the substrate other than the
silicon substrate need to be covered with a film having
properties not allowing boron adsorption thereto.

In addition, it is possible to use a quartz substrate as the
dummy wafer DW. Shown in FIG. 16 is an example of a
quartz substrate used as the dummy wafer DW (Quartz).
Quartz is silicon oxide. For this reason, as shown in FIG. 16,
an outer surface of a quartz substrate 20 consists of a
material having properties not allowing boron adsorption
thereto. Therefore, in the dummy wafer DW (Quartz) using
the quartz substrate 20, it is not necessary to cover the
surface thereof with a film having properties not allowing
boron adsorption thereto.

As described above, although it is possible to allow the
outer surface of the dummy wafer DW to be covered with a
film with properties not allowing boron adsorption thereto,
it is also possible the entirety of the dummy wafer DW to be
formed of a material having properties not allowing boron
adsorption thereto, e.g., the quartz substrate 20 of the
dummy wafer DW (Quartz).

In addition, in the heat processing apparatus described in
the second embodiment, it is preferred that components in
the processing chamber exposed to the interior of the
processing chamber have an outer surface covered with an
oxide such as silicon oxide or metal oxide or a nitride such
as silicon nitride, except that components in the processing
chamber including a process tube corresponding to the outer
wall 101, the wafer boat WB, the heat insulation container
106 and the like as representative examples, are made of
quartz. Covering the components inside the processing
chamber with the oxide can prevent the auto doping due to
the material of the components in the processing chamber,
thereby making it possible to improve stability of the
amount of introduced impurities between batch processing
units.

The present disclosure provides a method of diffusing
impurities capable of obtaining stability of the amount of
introduced impurities between batch processing units even
in a case a dummy of a substrate to be processed is used.

While certain embodiments have been described, these
embodiments have been presented by way of example only
and are not intended to limit the scope of the disclosures.
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Indeed, the novel methods and apparatuses described herein
may be embodied in a variety of other forms. Furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the disclosures. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the disclosures.

What is claimed is:

1. A method of vapor-diffusing impurities into a diffusion
region of a target substrate to be processed using a dummy
substrate, comprising:

loading the target substrate in an upper part of a wafer

boat and the dummy substrate in an lower part of the
wafer boat in a substrate loading jig;
accommodating the substrate loading jig loaded with the
target substrate and the dummy substrate in a process-
ing chamber of a processing apparatus; and

vapor-diffusing impurities into the diffusion region of the
target substrate in the processing chamber having the
accommodated substrate loading jig,

wherein, when the vapor-diffused impurities are boron, an

outer surface of the dummy substrate includes a mate-
rial having properties not allowing boron adsorption,
and

wherein the material having properties not allowing boron

adsorption is selected from any one of oxide and
nitride.

2. The method of claim 1, wherein the loading, the
accommodating, and the vapor-diffusing are performed on
the target substrate and the dummy substrate in a batch
processing unit, and in a subsequent batch processing unit,
the loading, the accommodating, and the vapor-diffusing are
performed on a subsequent target substrate and the dummy
substrate from the batch processing unit.

3. The method of claim 1, wherein after vapor-diffusing
the impurities, an oxygen gas purge is performed.

4. The method of claim 1, wherein after vapor-diffusing
the impurities, performing the method is completed without
performing oxygen gas purge.

5. The method of claim 1, wherein the oxide is selected
from any one of silicon oxide and metal oxide.

6. The method of claim 1, wherein the nitride includes
silicon nitride.

7. The method of claim 1, wherein the dummy substrate
is made of quartz.

8. The method of claim 1, wherein the diffusion region of
the target substrate is made of a semiconductor material, and
in vapor-diffusing the impurities, boron is vapor-diffused
into the semiconductor material.

9. The method of claim 8, wherein the semiconductor
material is in any one of an amorphous state and a crystalline
state.

10. The method of claim 9, wherein when the semicon-
ductor material is in the crystalline state, the crystal is in any
one of a single crystalline state and a poly crystalline state.

11. The method of claim 1, wherein boron trichloride gas
is used in vapor-diffusing the impurities in a form of an
impurity source gas.



